INTRODUCTION
Military personnel are at high risk for sleep problems because of the unique occupational demands and stressors associated with military service. [1] [2] [3] The estimated rate of insomnia in active duty military populations varies widely from 8% to 63% based on the assessment approach and setting. [4] [5] [6] [7] [8] [9] [10] The rate is approximately 20% in studies using the most valid assessment approaches. 11 Beyond the negative effect of insomnia on quality of life, insomnia has been found to be a risk factor for depression, [12] [13] [14] [15] [16] [17] suicide, [18] [19] [20] [21] [22] [23] post-traumatic stress disorder (PTSD), [23] [24] [25] substance abuse, 25 absenteeism, [26] [27] [28] [29] and occupational accidents, 27 and to have significant health care costs in civilians. 29, 30 Hypnotic medications are the most common treatment for insomnia in military populations; of note, about 10% of deployed military personnel take sleep medications. 31, 32 Although medications are effective for the short-term treatment of insomnia in civilian populations, [33] [34] [35] the long-term efficacy is limited. For deployed military personnel, the side effects of sleep medication such as grogginess, slowed cognitive processing, and slowed reaction time can be dangerous. There is a need for evidence-based, nonpharmacological treatments for insomnia in military populations.
Cognitive behavioral therapy for insomnia (CBTi) is a firstline intervention. 36, 37 Meta-analyses support the efficacy of in-person, therapist-delivered CBTi for primary [38] [39] [40] [41] [42] and secondary (comorbid) insomnia. [43] [44] [45] The effects of CBTi are more durable than medications. 38, 46 Meta-analyses also support the efficacy of group CBTi, 47 self-help modalities 48 (eg, booklets, videotapes, audiotapes, or the Internet), and interactive Web programs. 49, 50 To date, no randomized clinical trial (RCT) has evaluated any form of treatment for insomnia in military personnel. In addition, no RCT has directly compared in-person and unguided Internet-delivered CBTi in either civilians or active duty military personnel, although a few European studies have compared therapist-guided Internet-delivered CBTi to in-person in civilian populations.
51-56

Statement of Significance
Both in-person and unguided Internet cognitive behavioral therapy for insomnia (CBTi) were effective interventions in active duty military personnel, with effect sizes for in-person CBTi being consistently better than the Internet CBTi. Effects were similar to those found in civilian populations, which is especially significant given the unique and varied nature of the working environment and associated demands of active duty service. The differences between in-person and Internet interventions were possibly because CBTi is a multifaceted intervention that can be difficult to administer without the benefit of a therapist. Additional training in CBTi for behavioral health providers across all branches of the military is warranted to provide effective, evidencebased, nonpharmacological treatments for insomnia in active duty service members.
The purpose of this RCT was to compare in-person and unguided Internet CBTi to a minimal contact control condition in an active duty military population. The primary hypothesis was that in-person and Internet CBTi would result in greater sleep improvements from pre-treatment to post-treatment as compared to the minimal contact control and that in-person CBTi would show greater improvement than Internet CBTi.
METHODS
Participants
Participants were 100 active duty US Army Soldiers stationed at Fort Hood, Texas, recruited between April 2012 and November 2013, randomized into in-person CBTi (n = 34), Internet CBTi (n = 33), or control (n = 33). Inclusion criteria included (1) active duty, activated Reservists, or activated National Guard; (2) at least one military deployment in support of combat operations in or around Iraq or Afghanistan; (3) diagnosis of chronic insomnia 57 ; (4) stable (ie, no major change in daily use pattern or dose) for at least 4 weeks on psychotropic and hypnotic medications; (5) stable on continuous positive airway pressure therapy for sleep apnea for at least 4 weeks; (6) <85% sleep efficiency; and (7) correct utilization of actigraphy and sleep diaries (described in Procedures section). Exclusion criteria were (1) <3 months since returning from deployment; (2) suicidal risk meriting crisis intervention; (3) inability to comprehend or read English; (4) pregnancy; (5) serious mental health diagnosis such as bipolar disorder or psychosis; (6) hypersomnia, chronic sleep deprivation, or circadian rhythm disorders; and (7) working rotating shifts or Tests for all categorical variables are with df = 2 except typical duty and education (df = 4), and ethnicity and number of deployments (df = 6). Tests for variables presented with means and standard deviations are with df = 2, 93-97 depending on the variable.
shifts requiring that the service member report to work earlier than 06:00 am. Demographic characteristics of the sample are presented in Table 1 . The mean age was 33, 83% were male and 50% were Caucasian. Participants were not excluded for stable medication use or other comorbid mental health conditions (eg, anxiety, depression, PTSD, alcohol use, head injuries), which were prevalent in this population (Supplementary Table 1 ). There were no baseline differences in groups on any demographic (Table 1) 
Procedures
A telephone screen was conducted as an initial evaluation of basic eligibility criteria (see Figure 1 for CONSORT chart). Eligible volunteers were then scheduled for a baseline evaluation in which they provided informed consent to participate in the study, completed a battery of questionnaires, and underwent structured clinical interviews by trained evaluators. Participants determined to be eligible then completed 1 week of sleep monitoring with Actiwatches and sleep diaries over a typical week (eg, not during holidays, convalescent leave, vacation, etc.). Because the sleep diary and Actiwatch data were the primary outcomes of the study, it was essential that participants used both correctly. Therefore, subjects were asked to call in each morning to report their sleep diary data. If the event marker used to indicate time to bed and time out of bed in the morning was not accurate (ie, was not used or did not match the sleep diary within 30 minutes) for at least 5 out of 7 days (70%), participants were required to monitor their sleep for a second week. If still unable to complete the Actiwatch and sleep diary according to instructions, participants were excluded from the study.
Eligible participants were randomized to in-person CBTi, Internet CBTi, or control using a random number generator with randomly permuted blocks of 3, 6, and 9, provided by the biostatistician. During the trial, difficulties intermittently arose with the Internet CBTi condition (for 8 of the 34 participants), which limited participants' ability to save their sleep diary information after Session 4 to receive further individualized sleep restriction instructions (see Treatments section). Participants successfully received all other elements of the Internet intervention (ie, stimulus control, sleep hygiene, relaxation, and sleep restriction instructions). After several unsuccessful attempts to resolve the programming issues in the Internet sleep diary, randomization to the Internet CBTi condition was discontinued. Analyses comparing the eight individuals who reported Internet problems to the remaining 26 who did not report problems showed no significant differences between these groups. However, even though the differences were not statistically significant, those who reported Internet problems actually had better outcomes than those without problems, meaning that their inclusion in data analyses would only work against the study hypothesis that in-person would be better than Internet CBTi. Therefore, all participants were included in subsequent analyses of CBTi outcomes (described fully in the Statistical Analysis section). These procedures and changes were reviewed and approved by the Institutional Review Boards monitoring this study as well as the Data Safety Monitoring Board. The purpose of this analysis PTSD, posttraumatic stress disorder; SSRI/SNRI, serotonin and norephinephrine selective reuptake inhibitors.
Tests for all categorical variables are with df = 2 except Alcohol use disorder (df = 1), typical duty and education (df = 4), and ethnicity and number of deployments (df = 6). Tests for variables presented with means and standard deviations are with df = 2, 93-97 depending on the variable.
is to test the primary study hypotheses comparing all three groups (ie, in-person, Internet, and control) prior to discontinuing the randomization into Internet CBTi.
Treatments
In-person and Internet CBTi were developed to be as similar as possible in content. Both treatments consisted of six weekly 60-minute sessions and included identical informational material. The treatments contained the following components of cognitive behavioral treatment for insomnia 36 : stimulus control, 58 sleep restriction, 59 sleep hygiene, 60 relaxation training, 60 and cognitive restructuring.
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Treatment Delivery
In-Person CBTi
CBTi was administered by civilian licensed clinical psychologists, clinical psychology postdoctoral fellows, and a licensed clinical social worker. Therapists completed a 2-day training workshop and treatment of at least two clinical cases to fidelity prior to treating patients enrolled in the study. Weekly supervision of therapy was provided. In addition, two clinicians with expertise in treating insomnia in active duty military populations and who were otherwise independent of the study reviewed audiotapes of therapy sessions rating a random sample of 18% of the treatment sessions using adherence and competence rating forms developed for the treatment manual used in this study.
Items assessed nonspecific factors (eg, rapport) and technical components of each session. Items were rated on a scale from 0 (the therapist did not attempt) to 3 (the therapist implemented the component competently and proficiently), with an average score of 2 being minimally adequate. Only one session had an average rating below 2, requiring additional individual clinical supervision. The average rating was 2.7, indicating excellent treatment fidelity and competence.
Internet CBTi
The Internet CBTi protocol was developed by the National Center for Telehealth and Technology, and it was administered on the afterdeployment.org Web site. The first author (DJT) served as the subject matter expert for the development of the Internet CBTi intervention. The information and instructions for Internet CBTi were nearly identical to in-person CBTi. However, the mode of delivery in Internet CBTi was considerably different due to the automated, online format. The lessons were presented as audio recordings accompanied by visual graphics and animations. For several lessons, interactive components were included, such as games, quizzes, and prompts for participants to schedule healthy sleep habits, but the lessons were otherwise unguided. Participants were asked to enter their sleep diary information online to obtain tailored recommendations for the sleep restriction. Participants could print out reviews of each session, instructions for relaxation, and written handouts with accompanying graphics and diagrams for each session. 
Minimal Contact Control
Those assigned to the minimal contact control group were contacted for a brief (5 minutes) check-in call every other week for 6 weeks. At the end of 6 weeks, they completed the baseline assessments again. This served as the post-treatment assessment for the control period.
Instruments
All participants completed the same measures at baseline, post-treatment, or post control. Follow-up data were collected only for the two CBTi treatments at 6 months post-treatment.
Sleep Diaries
Daily sleep diaries were used to prospectively derive average sleep parameters (total sleep time [TST], sleep onset latency, number of awakenings, wake time after sleep onset, sleep quality, and sleep efficiency [TST/time in bed × 100]) over the course of a week. 62 The baseline sleep diary was used to assess inclusion criteria. Sleep diaries are significantly correlated with polysomnography on wake time after sleep onset, TST, and sleep efficiency, r(57) = 0.46-0.59 63 and are better than single-point retrospective estimates of sleep.
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Actigraphy
Actigraphy is a measure of sleep and activity patterns, used concurrently with sleep diaries to obtain prospective objective sleep patterns. Actigraphy was recorded with the Actiwatch Spectrum (Phillips Respironics, Andover, Massachusetts), a compact, wrist-worn, battery-operated activity monitor that looks similar to a small wristwatch. It has an event marker button, which participants pressed to indicate in-and out-of-bed times. 65 In patients with insomnia, there are high correlations for TST measures between actigraphy and overnight sleep studies (r = 0.81).
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Insomnia Severity Index
The Insomnia Severity Index (ISI) is a seven-item self-report measure that assesses perceived severity of insomnia. Each item uses a four-point Likert type scale from 0 (not at all satisfied) to 4 (very much satisfied). 61 The items sum to produce a total score (range 0-28). The ISI had an internal consistency alpha coefficient of 0.74 in a large sample (N = 4101) of active duty service members at Fort Hood, 11 a population similar to that used in the current study, and it converges well with the Pittsburgh Sleep Quality Index (r = 0.67) and sleep diaries (0.32-0.91).
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Dysfunctional Beliefs and Attitudes about Sleep
The Dysfunctional Beliefs and Attitudes about Sleep (DBAS) is a 16-item measure of beliefs and attitudes about sleep. 68 Items are rated on a 10-point Likert scale ranging from "strongly disagree" to "strongly agree." Strong endorsement of any of the statements is considered maladaptive. The DBAS has good internal consistency (α = 0.79) and test-retest reliability (r = 0.83), 61 and it converges well with the ISI (r = 0.55).
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Epworth Sleepiness Scale The Epworth Sleepiness Scale (ESS) is an eight-item measure of the likelihood of dozing off in various situations, with total scores ranging from 0 to 24. 69 The ESS has good internal consistency (α = 57 This newly developed measure currently has no reliability or validity data. It was utilized to diagnose insomnia and rule out other sleep disorders (ie, sleep deprivation, hypersomnias, circadian rhythm sleep-wake disorders) to assess eligibility for study inclusion.
Beck Anxiety Inventory
The Beck Anxiety Inventory (BAI) is a 21-item measure of symptoms of anxiety, with total scores ranging from 0 to 63, where higher scores indicate greater anxiety symptoms. 71 The Cronbach's alpha for the BAI was 0.94 in a similar sample.
11
A cutoff score ≥16 (ie, moderate to severe anxiety symptoms) was used to define clinically significant anxiety.
Beck Depression Inventory-II
The Beck Depression Inventory-II (BDI-II) is a 21-item measure of symptoms of depression with total scores ranging from 0 to 63, where higher scores indicate greater depression symptoms. 72 The Cronbach's alpha for the BDI-II was 0.94 in a similar sample.
11 A cutoff score ≥20 (ie, moderate to severe depression symptoms) was used to determine clinically significant depression.
PTSD Checklist-Military Version
The PTSD Checklist-Military Version (PCL-M) is a 17-item measure of symptoms of PTSD indexed to military experiences, with total scores ranging from 17 to 85, where higher scores indicate greater PTSD symptoms. 73 The Cronbach's alpha for the PCL-M was 0.95 in a similar sample. 11 We defined PTSD caseness conservatively. Service members had probable PTSD if their total severity score was ≥50 and they met the diagnostic criteria for PTSD as outlined in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV). The latter was defined as endorsing the requisite re-experiencing, avoidance and numbing, and hyperarousal symptoms at least to a moderate degree.
Alcohol Use Disorders Identification Test
The Alcohol Use Disorders Identification Test (AUDIT) is a 10-item measure of alcohol consumption that has become harmful to health, with total scores ranging from 0 to 40, where higher scores indicate a greater likelihood of an alcohol use disorder. 74 The Cronbach's alpha for the AUDIT was 0.95 in a similar sample. 11 A cutoff score of ≥8 was used to define an alcohol use disorder.
History of Head Injuries
A modified version of the Defense and Veterans Brain Injury Center (DVBIC) three-item screening tool 75 was administered to all participants to assess for history of head injuries. As recommended by the DVBIC, participants were considered to have a history of head injuries when they endorsed an injury (Question 1) and altered consciousness (Question 2, Items A-E) for the worst head injury sustained.
Health Interview
The health interview included items regarding general health, hospitalizations, current and past psychiatric medications, thoughts about wanting to harm others, utilization of mental health services, utilization of outpatient medical services, and caffeine and tobacco use. It was also formatted to be of increased relevance to active duty service personnel. After treatment, we also asked about changes in military status and important life events since the last interview.
Statistical Analysis
The primary hypotheses were that in-person and Internet CBTi would result in greater sleep efficiency improvement from pre-treatment to post-treatment than the control condition and that in-person CBTi would also be superior to Internet CBTi. The primary end point was sleep efficiency at post-treatment obtained from sleep diaries and then actigraphy. The statistical design for the primary analysis was an intent-to-treat mixed linear model examining group (in-person CBTi, Internet CBTi, and control) by time-point (pre-treatment to post-treatment) main effects and interactions on the primary outcome of sleep efficiency (ie, comparison of pre-post change). Secondary sleep end points were the components of sleep efficiency (ie, TST, sleep onset latency, number of awakenings, wake time after sleep onset) obtained from sleep diaries and actigraphy.
Other secondary end points were sleep quality, insomnia, and daytime sleepiness questionnaires. Mixed linear model analyses were conducted for all of the dependent variables used in the pre-treatment to post-treatment comparisons to evaluate if the treatment group maintained gains from post-treatment to follow-up. Effect sizes were reported to put statistically significant results in context of clinical significance.
Missing Data
The likelihood-based linear models used for statistical analyses yield valid estimates given the commonly accepted assumption that data are missing at random. Of 100 participants assessed at baseline, five were missing Actigraphy data. At the immediate post-treatment point, there were missing participant data for 14 post-treatment questionnaires, 16 sleep diaries, and 40 Actigraphies. Six-month follow-up data were missing for the majority of patients, so those data were not included in Table 3 . However, all participant data were included in the statistical analyses.
Power Analysis
The study was originally planned to have N = 189 (ie, 63 participants per group) to provide the usually recommended power of 80% to find significance for both primary (ie, sleep efficiency) and secondary outcomes (eg, comorbid disorder symptomatology). At the time the Internet arm was closed, 100 participants had been randomized. The analysis sample is thus smaller than originally planned, but medium effects are detectable. With N = 33 per group, the smallest detectible analysis of variance main effect for treatment with df = 2 at unadjusted p = .05 is Cohen's f = 0.23, a medium effect size that would result if both active treatments differed from control with pairwise d = 0.49. That is also the smallest detectable pairwise group difference by t-test at unadjusted p = .05.
RESULTS
Sleep Diary and Actigraphy
The primary analysis (Table 3) showed a significant group (in-person CBTi vs. Internet CBTi vs. control) over time (pre-treatment to post-treatment) interaction for sleep efficiency assessed with sleep diaries but not with actigraphy. Simple effects testing indicated that the in-person and Internet CBTi groups both had significantly better improvements in sleep diary sleep efficiency from pre-treatment to post-treatment as compared with the control group (d = 0.89 and 0.53, respectively). There were no significant differences between the in-person and Internet CBTi groups. Given the significant differences in sleep efficiency results for the sleep diaries, follow-up tests were performed on the components of sleep diary sleep efficiency (Table 3) Analyses of the global sleep quality ratings from the diary also found a significant interaction, with the in-person CBTi group realizing significantly greater improvements as compared to both the Internet CBTi (d = 0.80) and control groups (d = 0.97). There were no significant differences between the Internet CBTi and control groups.
Sleep Questionnaires
As seen in Table 3 
Post-Treatment to 6-Month Follow-Up Comparisons
There were no significant changes (all p's > .05) in sleep measures between post-treatment and 6-month follow-up for either of the two treatment groups, indicating durability of changes. This did not appear to be an artifact to lack of statistical power resulting from reduced sample size at follow-up. The effect sizes (d) between post-treatment and follow-up for the 14 measures in Table 3 
Adverse Events
Adverse events (AEs) 76 were monitored at each in-person treatment session and as part of the biweekly check-in calls for the control and Internet groups by asking the participant, "Have you had any problems since we last spoke?" A total of 131 AEs were reported by 64 study participants, but most of these were general medical problems the participants were having that were unrelated to the study. AEs determined to be related to the research included one patient with an increase in insomnia after primary care physician reduced hypnotic medication and six patients with skin irritation from wearing the Actiwatch.
Attrition
The Internet CBTi participants were more than twice as likely to drop out of treatment, but attrition differences between groups were not statistically significant (in-person CBTi = 9%; Internet CBTi = 21%; control = 12%), χ 2 = 1.983, p = .37. Dropout from the study was higher at the 6-month follow-up assessment (42%-59%). Active duty military personnel are highly mobile with frequent transfers between duty stations. Additionally, the troop force reduction that occurred in 2013 and 2014 adversely affected follow-up. Participants were not paid for either their study participation or assessments.
DISCUSSION
Cognitive behavioral treatment of insomnia is efficacious for active duty military personnel. In this study, participants who received in-person or Internet CBTi reported significantly greater improvements than the control group across the majority of sleep diary-assessed sleep parameters, as well as with self-reported insomnia severity and DBAS. The in-person CBTi group also reported significantly greater improvement than the Internet CBTi group on self-reported sleep quality and DBAS.
Consistent with previous studies testing CBTi in civilian samples, we found both in-person [38] [39] [40] [41] [42] 44 and Internet 49, 50, [77] [78] [79] [80] CBTi were superior to the control condition. Indeed, sleep diaryassessed sleep efficiency (primary outcome) effects in the current study were almost identical to those found in meta-analyses of in-person CBTi (current study = 0.89 vs. meta-analysis = 0.89 38 ) and Internet CBTi (current study = 0.53 vs. meta-analysis = 0.49 42 ). Outcomes on self-report insomnia severity questionnaires were also similar to those reported in a meta-analysis of in-person CBTi (current study = 0.98 vs. meta-analysis = 0.93 38 ), but Internet CBTi outcomes were lower than those reported in previous meta-analyses (current study = 0.51 vs. meta-analyses 0.86 49 ). Unfortunately, the authors of the meta-analysis, 81 did not report other diary-assessed outcomes (eg, sleep efficiency). It is of note that 16% of the current sample receiving treatment in garrison reported using sleep medications, which is more than the reported 10% of military personnel who take sleep medications while deployed 31, 32 but lower than rates from previous studies of in-person CBTi in primary care (eg, 41%-54%) 82, 83 and Internet CBTi (eg, 27%-67%). [78] [79] [80] [81] We postulate that this may be because the hazardous duty requirements for many active duty military (ie, use of weapons, operation of heavy equipment) results in service members being less likely to receive medications for sleep problems. The nonsignificant finding of increased self-reported TST is consistent with previous research on benzodiazepines 84 and both in-person, 38 and Internet CBTi. 49, 50 The pre-treatment to post-treatment effects were better in the in-person group (current study = 0.4 vs. meta-analysis = 0.3) and identical to those meta-analyses of Internet CBTi (current study = 0.2 vs. meta-analyses = 0.2 49, 50 ). Of note, many of the other studies have found greater increases in TST at follow-up. It is unclear what these results mean given the high levels of dropout at follow-up in this study. It is possible that those showing continued improvement in TST are more likely to complete follow-up. There are a number of additional possible explanations for the lack of improvement in TST. Typical CBTi treatments focus on improving sleep efficiency by decreasing time awake in bed, which does not necessarily result in increases in TST. CBTi also tends to be a time-limited treatment (eg, 4-8 sessions), and more time may be required to see improvements in TST in both civilian and military populations.
The findings gathered using actiwatch were not significant for any variable with the exception of TST. The null results are consistent with those found in other randomized controlled trials exploring the efficacy of CBTi on actigraphy-assessed sleep in both civilian 83, 85, 86 and veteran populations. [87] [88] [89] The significant changes in TST were a result of increases in the control group and decreases in the treatment groups. It is unclear why this occurred, but the sleep restriction intervention may have reduced the TST in the active treatment groups.
The primary limitation of the study was the difficulty with the Internet intervention. CBTi is a multifaceted intervention that can be difficult to administer without the benefit of a therapist. The programming needed is complex and requires a large amount of time and effort to test, validate, and maintain (eg, technical support for patients, Internet browser compatibility updates). Past studies have not adequately detailed the technical difficulties involved with CBTi delivered online, or the costs of program development and continued technical support. More studies are needed comparing in-person and Internet CBTi, with particular attention paid to clinical outcomes, technical challenges, and cost-effectiveness of the interventions.
Collectively, these results demonstrate that in-person and Internet CBTi are effective interventions in active duty military personnel, despite the multiple psychiatric comorbidities (Table 2 ) and the unique and varied nature of the military occupational environment and associated demands of duty. These results indicate that more training in CBTi is needed for behavioral health providers across all branches of the military to provide the most effective, evidence-based, nonpharmacological treatments for insomnia to active duty service members. More work is needed to make the Internet intervention equivalent to in-person CBTi or to determine which patients are most likely to see sufficient improvements with an Internet intervention. However, Internet-delivered CBTi has the distinct advantage of not being restricted to a time or place where a specially trained therapist can treat the patient, which significantly improves the ability to reach more patients. Therefore, it can fill an important gap in a steppedcare model, 90 providing population benefits in the treatment of insomnia. This may be especially important in military populations, which are often relocated and may not always have access to trained therapists.
One possibility for improving Internet-delivered CBTi might be to provide therapist-guided or supported Internet interventions. [51] [52] [53] [54] [55] 91 The European studies of this approach in civilians have shown this guided approach may produce better results than Internet alone, 53 with results potentially equivalent to in-person interventions. 52, 54, 55, 91 This approach requires significantly less therapist time and does not require the therapist to be in the local proximity or same time zone. These results need to be replicated in military populations.
Finally, the current sample differed from previous studies of in-person and Internet CBTi in many substantial ways, such as gender, education levels, sleep medication use, PTSD symptomatology, and baseline TST. Future planned analyses will investigate secondary outcomes (eg, medication use, PTSD, depression, and anxiety symptoms, alcohol use) and predictors or moderators of outcomes such as baseline symptom levels, demographics, and number of sessions completed. Additional research is needed to expand on the results of the current study to enhance sleep in military populations as a means of improving military safety and operational readiness.
